Introduction
============

Apoptosis is one of the most interesting mechanisms associated with the etiopathogenesis of various diseases as well as with normal aging and healthy development. In fact, it is a cell death mechanism that occurs in a programmed manner.[@b1-ndt-12-1261] Apoptosis has attracted increasing attention in recent years due to its possible role in diseases associated with the central nervous system, specifically neurodegenerative diseases and disorders.[@b2-ndt-12-1261] As neurodegeneration is a widely accepted mechanism of schizophrenia, the apoptotic mechanisms have been investigated in schizophrenia patients in both clinical and experimental studies.[@b3-ndt-12-1261]

Currently, the general understanding is that the increased apoptosis levels in patients with schizophrenia and the subsequent neuronal, dendritic, and synaptic losses are due to an increased or imbalanced apoptotic mechanism.[@b3-ndt-12-1261] Other mechanisms, such as oxidative stress, glutamate excitotoxicity, and reduced neurotrophic support, are also either directly or indirectly associated with apoptosis.[@b4-ndt-12-1261] Furthermore, the reduced incidence of cancer and the reduced exposure to general cancer risks in patients with schizophrenia might support the notion of increased apoptotic mechanisms occurring in these patients.[@b5-ndt-12-1261],[@b6-ndt-12-1261] Based on such findings, researchers have suggested that the apoptosis levels of patients with schizophrenia warrant additional investigation. Indeed, several studies have reported some polymorphisms in the genes that are related to apoptosis,[@b7-ndt-12-1261]--[@b9-ndt-12-1261] low Bcl-2 and GSK3 levels, increased Bax/Bcl-2 ratios, increased caspase-3 activity, and higher p53 expression in patients with schizophrenia.[@b10-ndt-12-1261]--[@b12-ndt-12-1261] However, in addition to the findings that support the notion of increased apoptosis, several studies have reported the downregulation of proapoptotic genes, lower number of apoptotic neurons, and decreased caspase-3 activity in patients with schizophrenia.[@b13-ndt-12-1261]--[@b15-ndt-12-1261]

Given that schizophrenia is a heterogeneous disorder,[@b16-ndt-12-1261]--[@b19-ndt-12-1261] it is unsurprising that disputes regarding its subtyping continue, although the *Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition* has abandoned the use of subtypes to classify the disorder.[@b19-ndt-12-1261] Since Carpenter's description of deficit schizophrenia (DS) syndrome was first published,[@b20-ndt-12-1261] studies have supported the idea that DS is a distinct form of schizophrenia.[@b21-ndt-12-1261] Further, DS seems likely to be accepted as a subtype of schizophrenia in the near future because many studies have supported the validity of this diagnosis, although it has not been mentioned in recent classification systems.

Although there have been prior studies that researched the role of apoptosis in the etiology of schizophrenia, no studies have yet compared the apoptosis levels among DS patients, nondeficit schizophrenia (NDS) patients, and healthy controls (HCs). Based on the studies that supported the classification of DS as a distinct form of schizophrenia, we aimed to investigate whether there would be a difference among the apoptosis levels of DS patients, NDS patients, and HCs. We hypothesized that the levels of apoptosis would indeed differ among these three groups.

Patients and methods
====================

This study was conducted at the Department of Psychiatry, Kirklareli State Hospital, between January and June 2013. Patients who were diagnosed with schizophrenia according to the *Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision* (*DSM-IV-TR*)[@b22-ndt-12-1261] and who were regularly monitored at the research site were included in the study. The schizophrenia diagnosis was confirmed by a senior psychiatrist (YA) using the Structured Clinical Interview for *DSM-IV* Axis I.[@b23-ndt-12-1261] The inclusion criteria for the study were as follows: diagnosis of schizophrenia, regular follow-up, age between 18 and 60 years, and volunteering to participate in the research project after receiving a detailed explanation of the study protocol. The exclusion criteria were as follows: diagnosis of a chronic medical condition, such as diabetes mellitus, cardiovascular disease, hyperlipidemia, or autoimmune disease; age \<18 years or \>60 years; a psychiatric diagnosis other than schizophrenia; a history of alcohol or substance dependence; a diagnosis of dementia or other neurocognitive disorder or mental retardation; a history of head trauma; extrapyramidal symptoms due to antipsychotic medication; unwillingness to be included in the study; and experiencing an exacerbation of schizophrenia.

The antipsychotic doses were converted to international chlorpromazine equivalent doses to compare the patient groups.[@b24-ndt-12-1261] The smoking status of participants was determined according to their own declarations. Moreover, the smoking status was confirmed by family members in the patient group.

After evaluating the patients according to both the inclusion and exclusion criteria, 69 patients with schizophrenia were enrolled in the study. According to the *DSM-IV-TR*, 35 of the enrolled patients were diagnosed with undifferentiated schizophrenia, 20 patients were diagnosed with paranoid schizophrenia, ten patients were diagnosed with residual schizophrenia, and four were diagnosed with disorganized schizophrenia. Additionally, 33 HCs who were selected from the hospital's staff participated in the study. All HCs reported no family history of schizophrenia or other severe mental disorders.

The local ethics committee of Kirklareli State Hospital and the provincial government representatives of the Ministry of Health approved the study. All the participants stated that they understood the process of the present research and provided written informed consent. All the patients had sufficient mental capacity to understand the aims of the study and understood that the research would not affect their treatment or disease status (which is why mental retardation, dementia, other neurocognitive disorders, and the exacerbation phase of schizophrenia were among the exclusion criteria). None of the patients or their family members reported a surrogate condition. Furthermore, the families of the patients (ie, their next of kin) comprehended the study protocol after they had received detailed information concerning the study, and they also provided informed consent regarding their relatives' participation in the study.

Instruments
-----------

### Structured Clinical Interview for *DSM-IV* Axis I

This semistructured tool was designed to diagnose any mental disorder according to the *DSM-IV-TR* Axis I. After completing the relevant training program, any psychiatrist or mental health professional can apply this tool. Shortly after the Structured Clinical Interview for *DSM-IV* Axis I was developed by First et al,[@b23-ndt-12-1261] its validity and reliability in the Turkish language were verified.[@b23-ndt-12-1261]--[@b25-ndt-12-1261]

### Scale for the Assessment of Negative Symptoms

Andreasen developed this scale to evaluate the level of negative symptoms in patients who were diagnosed with schizophrenia. The validity and reliability of this scale in Turkish were proven by Erkoc et al.[@b26-ndt-12-1261],[@b27-ndt-12-1261]

### Scale for the Assessment of Positive Symptoms

This scale was also developed by Andreasen, this time to assess the level of positive symptoms in patients with schizophrenia. The Turkish translation of this scale was reported to be valid and reliable.[@b28-ndt-12-1261],[@b29-ndt-12-1261]

### Schedule for Deficit Syndrome

The patients were divided into two groups (those with DS and those without DS) using this schedule. The Schedule for Deficit Syndrome consists of four basic criteria. As the first criterion, negative symptoms, including restrictive affect, diminished emotional range, poverty of speech, curbing of interest, diminished sense of purpose, and diminished social drive, are considered. All these negative symptoms are scored between 0 and 4. To satisfy the first criterion, patients must score 2 or more points for at least two negative symptoms. As the second criterion, two or more of the negative symptoms mentioned in the first criterion must have existed within the preceding 12 months, and must have been present during periods of clinical stability. As the third criterion, the previously mentioned negative symptoms must be primary and must not be due to anxiety, drug effect, suspiciousness, or depression. As the fourth criterion, patients must be diagnosed with schizophrenia according to the *DSM-IV-TR*. After assessment using the Schedule for Deficit Syndrome, the patients can be categorized according to the global categorization, which answers the question as to whether the assessed patients meet the global criteria for deficit syndrome or not. Alternatively, the patients can be assessed in terms of the severity of their symptoms, which ranged between 0 and 4. The validity and reliability of this schedule in Turkish were established by Citak et al.[@b30-ndt-12-1261],[@b31-ndt-12-1261]

### Brief Psychiatric Rating Scale

This scale was developed to assess psychiatric symptoms, including negative symptoms, positive symptoms, disorganized behavior and speech, anxiety, and depression. This tool was created by Overall and Gorham and has been proven to be valid and reliable in Turkish.[@b32-ndt-12-1261]

Biochemical procedure
---------------------

### Quantification of circulating nucleosomes

The analysis was performed by a clinical biochemistry specialist (LB) who was blind to all the samples. The intensity of apoptosis in the participants was estimated by measuring the serum levels of circulating nucleosomes with a quantitative sandwich enzyme immunoassay using human monoclonal antibodies directed against DNA and histones. This method allowed for the specific detection and quantification of histone-associated DNA fragments in the mono- and oligonucleosomes (a marker for apoptotic cells) that are released into the serum. The serum levels of the nucleosomes were measured according to the manufacturer's protocol (Roche Applied Science, Indianapolis, IN, USA). Briefly put, 20 µL of serum or background control was transferred into the microplate, and then 80 µL of the immunoreagent cover was added to each well and covered with an adhesive foil. After incubation using an microplate shaker and gentle shaking (300 rpm) for 2 hours at +15°C to +25°C, each well was rinsed three times with a 250--300 µL incubation buffer. Next, 100 µL of 2,2′-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) solution was pipetted into each well, and the microplate was incubated on a plate shaker at 250 rpm until the color development was sufficient to perform a photometric analysis. Finally, 100 µL of 2,2′-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) stop solution was pipetted into each well and photometrically measured at 405 nm. For calculation purposes, the absorbance of the samples was corrected for background fluorescence. The apoptosis values were expressed as optical density (OD).

Statistical methods
-------------------

The data were analyzed using the Statistical Package for the Social Sciences, PC Version 17.0 (SPSS Inc., Chicago, IL, USA). A confidence interval of 95% and a two-tailed *P*\<0.025 (*df* =2) were determined to be statistically significant for all the analyses. The present study was designed to determine the differences in the levels of apoptosis between the groups. To identify the differences, an analysis of covariance (ANCOVA) test was thus used. For the primary outcome, allowing a type 1 (α) error of 0.05, a degrees of freedom of 2, and an effect size of 3 with a total sample size of 102 resulted in 100% power in this study. Levene's test was used to determine the homogeneity of variance, while the Kolmogorov--Smirnov test was used to determine the normal distribution. The *P*-values of Levene's test and the Kolmogorov--Smirnov test were found to be higher than 0.05 for all numeric variables. The differences between participants' ages were assessed using a series of one-way analyses of variance. The Tukey honest significance test was applied for the post hoc analysis of the multiple comparisons among the three groups. To assess the differences in the level of apoptosis between the groups, a general linear model was constructed. In this model, the level of apoptosis was the dependent variable, while age, sex, and smoking status were included as covariants. The Scale for the Assessment of Negative Symptoms (SANS), Scale for the Assessment of Positive Symptoms (SAPS), and Brief Psychiatric Rating Scale (BPRS) scores, the chlorpromazine equivalent dose of the antipsychotic agents and the duration of treatment were compared using Student's *t*-test. All the numerical data were expressed as mean ± standard deviation values. The differences in sex and smoking status were assessed using the *χ*^2^ test. The associations among the parametric variables for each group were evaluated using Pearson's correlation test.

Results
=======

A total of 69 patients who were diagnosed with schizophrenia and 33 HCs were included in the present study. After assessing the patients with schizophrenia using the Schedule for Deficit Syndrome, 26 patients were included in the DS group (37.6%) and 43 in the NDS group (62.3%). The number of female participants in the HC group was 16 (48.5%), while there were 24 females (55.8%) in the NDS group and 12 (46.2%) in the DS group. There was no significant difference in terms of sex (*χ*^2^=0.72; *P*=0.69). The mean ages of the HC, NDS, and DS groups were 36.60±5.41, 40.4±7.6, and 41.15±11.0 years, respectively. The mean ages were found to be similar among the groups (*F*=2.98; *P*=0.55). The smoking rates were also found to be similar among the groups (*χ*^2^=1.44; *P*=0.48) ([Table 1](#t1-ndt-12-1261){ref-type="table"}).

The mean SANS score was 22.9±5.9 in the NDS group and 53.3±12.7 in the DS group. The DS group had significantly higher SANS scores than the NDS group (*t*=−13.30; *P*\<0.001). The mean SAPS scores were 25.6±10.5 and 28.0±10.6 in the NDS and DS groups, respectively. There was no significant difference in terms of the SAPS scores between the groups (*t*=−0.88; *P*=0.37). The BPRS scores were 20.5±5.4 and 28.6±5.0 in the NDS and DS groups, respectively. The BPRS scores were significantly higher in the DS group when compared with the NDS group (*t*=−6.10; *P*\<0.001). The duration of illness and the chlorpromazine equivalent doses were both found to be similar between the groups (*t*=−0.03, *P*=0.9; *t*=−0.31, *P*=0.75, respectively) ([Table 1](#t1-ndt-12-1261){ref-type="table"}).

In general, the linear model level of apoptosis was a dependent variable, while age, sex, and smoking status were covariants. The mean levels of apoptosis were 0.23±0.03 OD in the HC group, 0.40±0.02 OD in the NDS group, and 0.52±0.03 OD in the DS group. There was a significant difference among the groups in terms of the level of apoptosis (*F*~2,96~=16.58; *P*\<0.001). A post hoc analysis demonstrated that the level of apoptosis was significantly higher in the NDS group than in the HC group (*P*=0.001). Further, the DS group had a significantly higher apoptosis level than the NDS and HC groups (*P*=0.012 and *P*\<0.001, respectively) ([Table 2](#t2-ndt-12-1261){ref-type="table"}). The apoptosis distributions were also presented in a dot plot ([Figure 1](#f1-ndt-12-1261){ref-type="fig"}).

A Pearson correlation analysis was separately performed to calculate the correlation between apoptosis level and age, SANS, SAPS, and BPRS scores, duration of illness, and chlorpromazine equivalent dose. In the NDS group, there was no significant correlation between the apoptosis level and age, SANS, SAPS, and BPRS scores, duration of treatment, and chlorpromazine equivalent dose (*r*=−0.133, *P*=0.395; *r*=−0.012, *P*=0.942; *r*=0.105, *P*=0.509; *r*=−0.022, *P*=0.890; *r*=0.237, *P*=0.058; and *r*=−0.266, *P*=0.060, respectively). However, the correlation analysis results for the DS group did not indicate a significant difference between the apoptosis level and age, SANS, SAPS, and BPRS scores, duration of illness, or chlorpromazine equivalent dose (*r*=−0.339, *P*=0.90; *r*=0.367, *P*=0.065; *r*=0.032, *P*=0.876; *r*=0.012, *P*=0.952; *r*=0.319, *P*=0.112; and *r*=−0.258, *P*=0.203, respectively) ([Table 3](#t3-ndt-12-1261){ref-type="table"})

Discussion
==========

In the present study, we found that the serum apoptosis levels in schizophrenia patients with DS were significantly higher than those in the NDS and HC groups. The concept of neurodegeneration is well established in the etiology of schizophrenia.[@b32-ndt-12-1261]--[@b36-ndt-12-1261] The apoptotic mechanism has also been related to this hypothesis.[@b3-ndt-12-1261],[@b4-ndt-12-1261] Numerous experimental and clinical studies have demonstrated increased apoptosis in schizophrenia. The majority of these studies investigated apoptosis in schizophrenia via the levels of Bcl-2 and its family members, and via the caspase-3 levels.[@b3-ndt-12-1261],[@b4-ndt-12-1261],[@b8-ndt-12-1261],[@b11-ndt-12-1261],[@b12-ndt-12-1261],[@b37-ndt-12-1261] The majority of such studies supported claims regarding increased apoptosis in schizophrenia, although there are contrasting and confounding results with regard to the general concept.[@b13-ndt-12-1261],[@b15-ndt-12-1261]

Schizophrenia is considered to be heterogeneous;[@b16-ndt-12-1261],[@b17-ndt-12-1261] however, the subclassification of schizophrenia remains unclear. Thus, it is difficult to research the specific biological markers of schizophrenia. Consequently, the conclusions drawn by previous studies might be somewhat speculative due to the common disregard for the heterogeneous nature of schizophrenia. Recently, increasing evidence has been found to suggest that DS is a different form of schizophrenia.[@b38-ndt-12-1261],[@b39-ndt-12-1261] This idea has been supported by studies in the biological, clinical, and sociodemographic domains.[@b21-ndt-12-1261] As a result, subgrouping patients with schizophrenia as either DS or NDS might enhance research investigating the numerous parameters of schizophrenia, as well as the knowledge base of clinicians who monitor schizophrenia patients. We suggest that subgrouping patients with schizophrenia as either DS or NDS will result in more substantial findings and conclusions in this area, and it will also facilitate more targeted and focused treatments and rehabilitation.

In the literature, there have been no previous studies comparing DS and NDS patients in terms of apoptosis. As apoptosis was reported to be associated with oxidative stress[@b40-ndt-12-1261]--[@b42-ndt-12-1261] and its associated protective factors, including brain-derived neurotrophic factor (BDNF),[@b43-ndt-12-1261]--[@b45-ndt-12-1261] studies have compared oxidative stress and serum BDNF levels in patients with DS and patients with NDS. We demonstrated a reduced total antioxidant potential and increased oxidative stress in DS patients when compared with the NDS and HC groups.[@b46-ndt-12-1261] Valiente-Gómez et al reported similar serum BDNF levels in patients with NDS and those with DS.[@b47-ndt-12-1261] We recently showed significantly decreased BDNF levels in patients with DS when compared with HC.[@b48-ndt-12-1261] Thus, our two previous studies indirectly supported the hypothesis of an increased apoptotic mechanism in DS patients. In the present study, we demonstrated increased levels of apoptosis in patients with DS when compared with the NDS and HC groups. Due to this finding, we can make two major speculations: first, our results support the notion that DS is a different clinical entity to NDS; and second, our results might elucidate the reason behind DS patients having a worse prognosis when compared with NDS patients. Yet, we cannot categorically determine whether the increased level of apoptosis might be associated with the phenomenology of DS, or whether it could be related to the etiological background of DS. As we found significantly increased levels of apoptosis in both schizophrenia groups when compared with the HC group, we suggest that our findings support the former presumption, namely, that high apoptosis levels are associated with the phenomenology of DS.

Our study has several limitations. First, the best method for detecting the level of apoptosis is tissue studies. However, this method is more useful in postmortem studies than in living human studies. Second, the number of participants is not large enough to draw a general conclusion. We used strict inclusion and exclusion criteria, which might explain the low number of participants. Besides the low number of participants, the power of the study was calculated as 100%. We only assessed the level of apoptosis using the quantification of circulating nucleosomes method, and we were not able to investigate other apoptosis-associated markers, such as interleukins (interleukin-3 or -6), signal transducer and activator of transcription 3, Bcl-xL, or Mcl-1 gene expression. Future studies that consider the quantification of circulating nucleosome method with the other apoptosis-associated markers mentioned above will therefore be of great interest. In the present study, the patients were classified according to the existence of deficit syndrome; hence, factors such as the course of the disease or the number of acute exacerbation periods were not assessed. Evidence-based results can best be obtained from medication-naïve patients with schizophrenia. However, it is nearly impossible to design a study with medication-naïve patients and simultaneously investigate any parameter of DS patients.

Our findings suggest that increased apoptosis may be involved in the pathophysiology of DS syndrome. In particular, the disease's worse prognosis may be due to high levels of apoptosis. However, further studies are needed to support the role of apoptosis in DS schizophrenia.
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###### 

Sociodemographic and clinical characteristics of participants

  Variables                         HC (N=33)   NDS (N=43)    DS (N=26)     Statistic
  --------------------------------- ----------- ------------- ------------- ------------------------------------
  Age (years)                       36.6±5.4    40.4±7.6      41.1±11.0     *F*=2.98; *P*=0.055
  Sex                                                                       
   Female, n (%)                    16 (48.5)   24 (55.8)     12 (46.2)     *χ*^2^=0.72; *P*=0.069
   Male, n (%)                      17 (51.5)   19 (44.2)     14 (53.8)     
  Smoking status                                                            
   Yes, n (%)                       16 (48.5)   28 (65.1)     15 (56.7)     *χ*^2^=1.44; *P*=0.48
   No, n (%)                        17 (51.5)   15 (34.9)     11 (43.3)     
  SANS                                          22.9±5.9      53.3±12.7     ***t***=−**13.30; *P***\<**0.001**
  SAPS                                          25.6±10.5     28.0±10.6     *t*=−0.88; *P*=0.37
  BPRS                                          20.5±5.4      28.6±5.0      ***t***=−**6.10; *P***\<**0.001**
  Duration of illness (years)       --          17.1±7.1      17.2±6.1      *t*=−0.03; *P*=0.9
  Cholorpromazine equivalent dose   --          348.8±176.5   363.4±190.0   *t*=−0.31; *P*=0.75

**Note:** Data presented as mean ± standard deviation unless stated otherwise. Data in bold indicates statistical significance.

**Abbreviations:** BPRS, Brief Psychiatric Rating Scale; DS, deficit schizophrenia; HCs, healthy controls; NDS, nondeficit schizophrenia; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for The Assessment of Positive Symptoms; --, absent.

###### 

Comparison of level of apoptosis between groups

  Variable                  HC (N=33)   NDS (N=43)   DS (N=26)   Statistic
  ------------------------- ----------- ------------ ----------- -----------------------------------------
  Level of apoptosis (OD)   0.23±0.03   0.40±0.02    0.52±0.03   ***F*~2,96~**=**15.38, *P***\<**0.001**

**Note:** Data in bold indicates statistical significance.

**Abbreviations:** DS, deficit schizophrenia; HCs, healthy controls; NDS, nondeficit schizophrenia; OD, optical density

###### 

Correlation coefficients between scores of level of apoptosis and age, SANS, SAPS, BPRS, duration of illness, and mean antipsychotic dose in patients

  Variables                  Age      BPRS     SANS    SAPS     Duration of illness   Mean antipsychotic dose[a](#tfn5-ndt-12-1261){ref-type="table-fn"}
  -------------------------- -------- -------- ------- -------- --------------------- --------------------------------------------------------------------
  Level of apoptosis (NDS)   −0.133   −0.012   0.105   −0.022   0.237                 −0.266
  Level of apoptosis (DS)    −0.339   0.367    0.032   0.012    0.319                 −0.258

**Note:**

Chlorpromazine equivalent dose.

**Abbreviations:** BPRS, Brief Psychiatric Rating Scale; DS, deficit schizophrenia; NDS, nondeficit schizophrenia; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for The Assessment of Positive Symptoms.
